The paper describes the efforts at NASA
jected growth in air travel we will be faced with even more congestion and serious noise and environmental issues.
The aviation system is in reality a system of systems and all of these issues must be addressed together.
There is a tendency today to think that the field of aeronautics is mature and nothing more than incremental gains in performance and capacity are possible. 
LE separation control
The benefits included an increase in c_ at Clm_x of 2°and a milder stall than the baseline airfoil.
In the case of the flap, the data in figure 3 shows that F + and C_ were not affected by Reynolds number. It also shows the significant increase in lift for a fixed a = 4.0°. An F+=0.7 was effective in fully reattaching the flap at low angles of attack, but the effectiveness decreased at higher angles of attack. This was caused by F + being tuned to the lower co's, and insufficient % for the higher angles.
Perhaps the most important finding from this investigation was the fact that oscillatory blowing was more than two orders of magnitude more effective than steady blowing. This is illustrated in figure 4 , where for a Cl _- Figure  5Fig . 5 shows typical results comparing the lift from the Mach 0.28 and 0.4 cases. The results were sensitive to the excitation location. If excitation was well ahead of the shock location it had a detrimental effect on airfoil performance, due to the creation of a second shock wave at the blowing slot.
When excitation was applied slightly ahead of the shock it proved beneficial regardless of the Maeh number.
Further investigations 8'9'_°of compressibility and sweep effects were conducted with a new "hump" model. The model derives its name from the fact that it uses the coordinates of the upper surface of a Glauret Glas lI airfoil and is mounted on the tunnel sidewall to form a "hump" as shown in figure 6 . The experiments were conducted in the LaRC 0.3-meter Transonic Cryo Tunnel 14'15(TCT). The original location of the wing leading edge is designated as x/c=0.0 and the region between -0.05 < x/c < 0.05 was faired smoothly into the tunnel floor to avoid separation at the leading edge. This smoothing had a dual effect. First it prevented separation at the wing leading edge, and second it meant that the model would be fully turbulent due to the upstream turbulent wall boundary layer. The airfoil thickness was 20% of the root chord and without flow control the flow separates at x/c=0.65 both with and without sweep. Oscillatory excitation slots were placed at x/c=0.55 and x/c=0.64. Sweep and additional compressibility data were documented J°in a follow-on investigation.
The results shown in figure 8, illustrate that compressibility tends to elongate the separation bubble due to reduced mixing above the separated region. Periodic excitation is capable in reducing the separation bubble at compressible speeds however; its effect is reduced when using the frequencies and excitation levels used at incompressible speeds. The results using LE slat flow control was published in reference 12. The slat actuator had two blowing slots located at x/c = 0.14 and x/c = 0.3. The forward slot was hidden under the main element at the stowed condition to eliminate any actuator cavity interactions with the freestream.
A well-optimized airfoil might suffer from discontinuities caused by blowing slots, and the results showed that up to C_max,there was no measurable effect. An investigation of the baseline (eg. no AFC) performance of the LE slat was as expected.
The results in figure 11 show that slat deflection increased maximum lift by 12%. are restricted to a pneumatic modification of the flow field through a Coanda effect 2_ as shown in figure 13 .
The wall bounded jet flows along the surface and has the nature of a boundary layer near the wall but becomes that of a free jet at a larger distance from the wall. 22 The degree of jet turning can be related to the slot height, surface radius, jet velocity, and the Coanda surface geomet_. " 1 IS 0 
Pulsed Blowing
The effectiveness of pulsed blowing on the performance of the GACC airfoil is dependent on the efficiency of the actuator system. This system must include the actuator performance, diffuser performance, and the response of the internal volurne prior to the jet exit as well as the external time dependent Coanda effectiveness.
Ideally the time dependent Coanda response would resemble the steady state blowing series. This would assume a perfect square wave response at the jet exit. The reality of a perfect square wave diminishes with the complexities of the actuator system.
The response of the state-of-the-art high-speed actuator valves used for this study does not generate a perfect pulsed 26 waveform.
Transmitting the pulse through the nozzle and into the nozzle exit distorts the waveform as shown with thin film data located at the nozzle exit. For the low frequency pulsed jet, the effect of duty cycle is shown in figure 19. The peak amplitude for the low duty cycle conditions (20% and 30%) does not reach the maximum output performance of the actuator system. The actuator valve being closed before the plenum and actuator volumes have had time to be fully pressurized causes this result. Once the valve is given a close command the plenum remains pressurized and continue to bleed air through the jet exit until the plenum pressure reaches ambient conditions.
As the drive frequency is increased, figure 20 shows that the rise time or valve opening distortions increase.
For the closed portion of the duty cycle, air continues to bleed from the plenum until the open command is given, resulting in the jet velocity not going to zero. This process limits the mass flow to the jet exit as indicated by an overall reduction in the peak velocity.
In spite of the limitations of the actuator system, the peak velocities do approach sonic conditions. The transition from the pulsed to the turbulence regime seemed to be independent on the jet velocity and occurred near 300 Hz.
Comparing the pulsed and steady lift performance of the GACC airfoil, figure  21 , a distinct improvement in lift or mass flow required can be seen. For a given lift coefficient of 1.0, a 48% reduction in mass flow is realized for a 20% duty cycle. As the duty cycle is increased the performance benefit decreases.
Comparing the lift performance of the pulsed and steady CCW at a fixed mass flow of 25 SCFM results in a 35% lift improvement. The objective of PAVE is to explore future mobility requirements aimed toward a system solution for door-to-door personal travel. The improvements in lifestyle for the traveling public would be significant as highlighted in figure 22 . Small companies have tried to develop personal air vehicles (PAVs) that blend the functions of an automobile and an airplane for more many years, but typically with minimal investments in advanced technologies to solve the inherent problems. They proposed or built various vehicle concepts that would either break apart, fold, or were Vertical Takeoff and Landing (VTOL) concepts. NASA's PAVE project is approaching this effort differently from prior efforts by studying the PAV concept through a "systems" approach with identification of the key enabling technologies and the potential benefits as investments bring about these technologies. 
